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Although many bacteriologists have encountered variants which
were difficult to stabilize, most have felt that with sufficient care and
repeated selection, any variant could be obtained in a stable form.

¥y our studies on colonial forms of Salmonella aertrycke certain

variants were encountered which lacked stability. A variant of this

type cannot be obtained free from another variant to which it con-

" stantly gives rise. The variation of these cultures was not hap-
hazard but seemed to be governed by some fixed rule, the mechanism
of which we have attempted to investigate.

We studied a strain MTZC-R, a rough variant derived from the
typical smooth strain of S. aertrycke. A typical colony of this
variant on infusion agar is low, rough and of medium size. When
one was plated on infusion agar about 83% of the colonies derived
from it were identical with the parent type. The other 17% were
smooth and dome shaped and about 1/10 the diameter of the parent
colony (MT2C-S). On continued daily subculture of these rough
colonies on infusion agar plates, the percentage of rough colonies
remained constant at 83% =+ 5%. The S colonies when plated in
the same way always yielded 100% S colonies.

When a 24-hour broth culture of an R colony was streaked on an
agar plate, the percentage of R colonies fell to 33% or less; but each
of these R colonies when subsequently plated directly, yielded the

“original 83%. When, however, the broth culture from the R colony
was inoculated into broth a second time the second broth culture, on
plating, yielded only S colonies.
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Thus the percentage of R forms obtained on streaking out a broth
culture of an R colony is less than that obtained by streaking the R
colony directly on a second agar plate. Nevertheless, the inter-
mediate broth passage in no way affects the inherent tendency of an
R organism to give rise to a colony containing a constant ratio of
R and S cells (about 83% R and 17% S).

Although the percentage of R colonies on a plate made from an R
colony was found to be constant under constant conditions, a change
in the conditions (e. g., pH, temperature, peptone, and the like) gave
rise to changes in the percentage of R colonies; but this percentage
remained constant at the new level as long as the new conditions
were kept constant.

The constancy of behavior of the cultures described above sug-
gested that these phenomena might lend themselves to a simple
mathematical analysis.

Let N = total number of cells per unit volume of culture.

R = number of R cells per unit volume of culture.
S = number of S cells per unit volume of culture.
T = time of growth.

Since S cells under the conditions of the experiment never give
rise to R cells we may express the rate of increase of R cells during
the exponential phase of growth by:

dR
ar— CR (1)
S cells, however, may arise from both R cells and S cells so we must
write :
dS
aT: aS+bR (2)
Where a, b, and ¢ are constants depending on the conditions of

growth. - b _ represents the ratio of the number of S cells de-

rived directly from R cells in an interval dT to the total number of
cells derived directly from R cells in that interval.

If equations (1) and (2) are integrated and the integration con-
stants determined by putting:

R=R, S

S, when T=0

i

we get:

R=R.e" (3) c=zlog.%. ')

bR b
5= (S°~7 c—o )CaT + R (4)

a c—a

NUMERICAL RELATIONS OF UNSTABLE VARIANTS

S_ (S_ b Yeoory P
R R‘,’c—a)e +c——-a (s)
If ¢ > a then equation (5) gives:
,_I[‘,liw%:—:a constant (6)
c—a

This is evidently the condition when the otrganisms are grown
on agar as described above. If we start with:

S b Lim S

R -2 T>=R
then adding equations (3) and (4) gives:
S+R—=N=(S,+R)eT=NeT  c=tlog - (7)

but for a pure S culture we have:

azilogcg—o (8)

b
C —

then since - is directly determinable from the final percentage

of variants on an agar place we can directly determine the constants
a, b, and ¢ for growth on agar.

In broth S/R has been shown to increase as long as T increases, so
we must have a S c. If we assume* a =Db + ¢ then adding equa-
tions (3) and (4) gives:

S+R=N=(5,4 R)eT=Ne**  a=tlog,¥ (9)

which is the same as we would get from a pure S culture.
Further, equation (5) becomes:

S.__ So bT _. — 1+S /R
E— R—()+ I)e 1 b —Tloge(i—_'_-m) (]O)

It is clear then that the constants can be determined independently

in broth and on agar and that it could be possible to check the theory
experimentally.

The preliminary experiments give following values for the con-
stants:

*If a=c (9) becomes S+ R= SeaT 4 bEJAT )
(10) becomes S/R =S /R, + bT (107)
The data are not good enough to distinguish finally between these two assump.

tions but, a —b 4- ¢ Was chosen because of its greater simplicity and a somewhat
better check.
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b
b a c m(primary ratio)
From § broth — 1.26 = .02 120 == 02 047
» R ” 059 == 001 1.30 = .02 124 = 02 045
»” agar .061 = 006 104 = .02 122 = 02 .048

Since the experimental error is about 10% the agreement in the
values of h—% (representing the primary ratio) is probably better

than the method allows. As closely as can be determined, this quan-
tity remains a constant, under the different environmental conditions
investigated.

We have here an organism which gives rise to R and S forms in
a ratio which may be altered by varying the environment, e. g., solid
or liquid media. This modification of the ratio depends entirely on
the growth rate of the individual daughter types. That is, the en-
vironment increases the relative growth rate of one with respect to
the other. It in no way alters the primary rate of variation which is
a numerical expression of the ability of the cell to give rise to 2
types of daughter cells in constant ratio.

It seems possible that the underlying mechanism of this type of
variation is the same as that of the more commonly reported types
of dissociation. If the assumptions on which the preceding calcu-
lations are based are correct, then we have here a type of culture
whose composition may be deliberately changed in opposite direc-
tions by varying the environment, 4. e., solid or liquid media, with-
out influencing the rate at which new variants arise from the culture.
If the commoner forms of dissociation differ only quantitatively
from the phenomena here described, then studies on bacterial disso-
ciation must be concerned with 2 distinct phenomena: (1) The
rate of origin of the new variant cells (primary rate of variation).
(2) The environmental factors which make it possible for the new
variant cells to grow to sufficient numbers to be detected in culture.
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